Phytoplankton cultures occurring in disphotic zone water were conducted to examine dissolved organic carbon (DOC) for possible controlling agent of the initial lag period and growth rate. Culture media of various concentrations of DOC were prepared by mixing low DOC disphotic zone water with high DOC surface water. Natural phytoplankton populations showed strong correlations in their lag period with DOC concentrations in the range from 0.75 mgC.l -~ to 1.2 mgC.1-1 in the water (r = -0.833, n = 8) and in their population growth rate (/~) (r = 0.899, n --8). Similar tendencies were confirmed with a marine diatom (Skeletonema costatum) dominating in the present disphotic zone water by culture experiments. By reducing DOC concentrations in seawater samples by pretreatments of ultraviolet radiation, charcoal adsorption and Amberlite XAD-2 resin adsorption, lag periods ofS. costatum increased in every case, but their population growth rates were almost identical. These results obviously show that prolonged lag period at least occurs in low DOC water, which can explain the observations by Barber and Ryther (1969) that low photosynthetic carbon uptake rate occurs in newly upwelled low DOC water. It is found that the essential substance to shorten lag periods of phytoplankton cultured in disphotic zone water is a portion of dissolved organic matter, which is poor in disphotic zone water and rich in surface water, and the effect of the substance analogous to Na2EDTA strongly suggests that the substances are organic ligands.
Introduction
Primary productivity is generally high in upwelling regions due to nutrient-rich water supplied from deeper layers (Ryther, 1969) , but that in newly upwelled nutrient-rich water is not as high and the addition of ethylenediaminetetraacetic acid (EDTA) stimulates the growth of phytoplankton in the newly upwelled water in Cromwell Current (Barber and Ryther, 1969) . They suggested that a lack of organic ligand, supplied by "biological conditioning", limits the growth of phytoplankton in newly upwelled water. Effects of synthetic chelators have then be studied on the growth ofphytoplankton in the seawater collected from disphotic zone, which is source water ofupwelling (Huntsman and Barber, 1975; Taguchi et al., 1987; Nakashima, 1988) . These results show that phytoplankton in the disphotic zone water is inhibited their growth by prolonged lag period and subsequent low growth rate, and that these growth inhibitions are minimized by an addition of EDTA. A number of hypotheses have been proposed to explain growth stimulation by synthetic chelators such as enhancing the availability of limiting trace metals such as iron (Johnston, 1963 (Johnston, , 1964 Barber et al., 1971) , and eliminating the toxicity of ionic metals such as copper by binding into a nontoxic form (Steemann Nielsen and Wium- Andersen, 1970; Sunda and Guillard, 1976) .
Subsequent experiments by Barber et al. (I 97 I) demonstrated that poor growth of phytoplankton in newly upwelled water was recovered by addition of iron or manganese due to coprecipitation with toxic cupric ion. Sunda et al. (1981) suggested by culture experiments of disphotic zone water samples that a combination of low manganese concentrations and high cupric ion activities may limit the growth ofphytoplankton in newly upwelled seawater. They further pointed out that manganese in upwelled plume may increase with time due to inputs from riverine, aeolian sources and sediments, and dilution with surface water. While in open ocean such as Gulf of Alaska, the equatorial Pacific and southern ocean, waters, rich in major nutrients, which are mixed upward into the photic zone, have scarcely iron as an essential element for phytoplankton growth, and in order to. support maximal utilization of major nutrients, supplemental iron must be made available.from other sources (Martin et al., 1989 (Martin et al., , 1990 Price et al., 1991; Barber and Chavez, 1991) . Above three hypotheses were presented for the inhibition of the phytoplankton growth in the newly upwelled water. Moreover, mixing of surface water with disphotic zone water also gave similar effect to stimulate the growth of phytoplankton by minimizing lag period and increasing population growth rate (Terry and Caperon, 1982; Taguchi et al., 1987; Nakashima, 1992) . But it is not clear the critical substance for controlling lag period and growth rate ofphytoplankton population in newly upweIled water.
Organic ligands in seawater are composed of many kinds of constituents, and their reactions with metal elements and their influences to phytoplankton growth are considerably complicated. Accordingly, the author focussed attention to the whole dissolved organic matter, which may include the above mentioned EDTA-Iike substances stimulating phytoplankton growth, and which amounts can be determined as the concentration of DOC.
The present study was then carried out to examine DOC possibly controlling the initial lag period and growth rate ofphytoplankton population. Culture experiments were conducted using natural algal population and an unialgal strain. Culture media having different concentrations of DOC were prepared by mixing DOC-rich surface water with DOC-poor disphotic zone water. Consequently, a negative correlation was found between DOC concentrations and lag periods. The results can explain the growth inhibition of phytoplankton populations in nutrient-rich and DOC-poor newly upwelled water.
Materials and Methods

Seawater samples
Seawater samples were collected at various depths by Van Dorn bottles from surface to disphotic zone at stations located in Tokyo Bay and offSagami Bay (Fig. 1) . Unfiltered disphotic zone water samples were stored in polyethylene carboy, cleaned with diluted HCI and rinsed with distilled water several times, at about 5~ in the dark until use.
Concentrations of DOC in each seawater sample were determined by the method of Menzel and Vaccaro (1964) using a total carbon system (Oceanography International, model 524), in which DOC in sample water is oxidized to carbon dioxide with potassium persulphate at 175~ Filtrates were prepared using precombusted glass fiber filters (Gelman type A/E) at 400~ Standard deviations for DOC measurements were 1.2 -4-0.065 mgC.l -~ (n = 5) and 0.75 :t: 0.059 mgC.1-1 (n = 5). Concentrations of nitrate and phosphate were determined by the methods described in Strickland and Parsons (1972) . Concentrations of silicate were determined by the method of Robinson and Thompson (1948) . Ultraviolet absorbance at a wavelength of 250 nm
